The objective of this study was to investigate the enzymatic preparation method of soybean oligosaccharides (S0S) from okara by using Viscozyme L, characterize the physicochemical properties as well as antioxidant activity of S0S. The effect of Viscozyme L treatment on the preparation of S0S from okara was researched by orthogonal test. Under the fixed extraction time of 2.5 h and the ratio of okara to water of 1:15 (w/v), the optimal enzymatic preparation conditions of S0S by using Viscozyme L were identified as pH of 3.5, temperature of 45 ºC, enzyme dosage of 3% (w/v) with a maximum yield of 10% (w/w). S0S were found to be crude oligosaccharides containing 56.5% neutral sugar, having a low molecular weight distribution range between 860 and 9380 Da, composing of galactose, xylose, rhamnose, arabinose, mannose and glucose. Furthermore, S0S showed the free radical scavenging activity with IC 50 value of 1.81 mg/mL. These results suggest that S0S are novel oligosaccharides derived from okara, and could be improve value-added utilization of okara as antioxidants in functional foods and nutraceuticals.
Introduction
The residue left from ground soybeans after extraction of the water extractable fraction used to produce soy milk and tofu, is usually called okara. In China about 20,000,000 tons of moist okara were produced annually from the soybean production industry. However, until now it has been consumed only as feed stuff, or even incinerated as factory waste in China, and the reuse of okara, especially for food application, is very difficult. Several physiological functions of okara have been found, such as antioxidation [1] , anticholesterol action [2] , and antiobesity action [3] . Thus, okara is recognized as an important functional food material with potential use in the food industry. So it is of great significance to develop useful food products from this byproduct and reduce environmental consequences of its disposal.
Viscozyme L is a multi-component carbohydrase, which could effectively hydrolyze plant cell wall polysaccharide and cleave the linkages within the polysaccharide matrix to liberate more intercellular constituents [4] . Furthermore, the hydrolytic breakdown of high molecular weight (HMW) polysaccharides may contribute to enhanced antioxidant activities [5] . Thus, we firstly tried to hydrolyze plant cell wall polysaccharide from okara by using Viscozyme L to obtain new soybean oligosaccharides (SOS), and their characteristics as well as antioxidant biological function of SOS were investigated in order to evaluate their possible applications in the food industry.
Methods

Enzymatic preparation of SOS from okara by orthogonal experiment
The raw fresh okara supplied from Yi Xing Food Co., Ltd.(shanghai company, China) was dried at 80 °C for 5 h, ground using an electric grinder and sieved through 80 mesh to obtain dried okara powder. The enzymatic hydrolysis experiments were carried out in a jacketed glass reactor connected to a thermostatically controlled water heater. 10 g of dried okara powder and 150 mL of water were placed in the glass vessel, pretreatment at 90 °C for 10 min and cooled to the hydrolysis temperature. Viscozyme L (100 units/g) was added, mixed, and reacted during stirring with a stirrer bar. The hydrolysis reaction was stopped by boiling at 100 °C for 10 min, and cooled to 60 °C. To removal of protein, proteolysis of the above hydrolysis product was carried out by using 1% ([E/S],w/w) Alcalase at 60 °C, pH 8.0 for 2 h, then stopped by 100 °C for 10 min. The hydrolysate was centrifuged at 5000 rpm for 15 min, then the supernatant were precipitated by the addition of ethanol to a final concentration of 75% (v/v), and the precipitates were collected by centrifugation, dissolved in deionized water and finally lyophilized. The yield of SOS from okara by means of enzymatic hydrolysis was calculated as the following Eq.(1).
Yield (%)= (weight of lyophilized SOS / weight of dried okara) 100
(1)
The main affecting factors of enzymatic hydrolysis of okara are pH, temperature and enzyme dosage for a given okara concentration of 1:15(w/v) and hydrolysis time of 2.5 h. In order to optimize the hydrolysis conditions, the orthogonal experiment (L 9 ( 3 4 )), including three-factors and three-levels (as shown in Table 1 ) was used to get the best reaction conditions. 
Characterization of physicochemical properties of SOS
The chemical compositions of SOS, including total neutral sugar, protein, fat and moisture were analyzed. Total neutral sugar content was determined by the reaction with phenol in the presence of sulfuric acid using glucose as a standard [6] . Content of protein, fat and moisture was determined by the AOAC official method (976.06, 996.06, 934.01), respectively. The molecular weight distribution of SOS was determined by high-performance gel-permeation chromatography (HPGPC) with a Waters HPLC system according to the method of Jia et al. [7] . The molecular weight was estimated by reference to the calibration curve made from Dextran standards of known molecular weight (2500, 4600, 7200, 13380, 21400 Da).
The monosaccharide composition of SOS was determined by gas chromatography according to the procedure as previously described by Li et al. [8] .
DPPH Radical Scavenging Activity of SOS
DPPH was dissolved in methanol to give a 0.2 mM solution. 100 L of DPPH methanol solution mixed with 100 L of SOS water solution at five indicated concentrations (or water itself as control) for 10 s, then transferred to the cavity of the EMX-8 ESR spectrometer (Bruker Biospin corp, Germany). ESR spectra were recorded after the mixture was reacted for 60 s. The conditions of ESR measurement were as follows: microwave frequency 9.8 GHz, modulation frequency 100 kHz, microwave power 20 mW, modulation amplitude 3 G, scan width 100 G, time constant 1.28 ms, temperature 298 K. The scavenging effect of SOS on the DPPH radical was calculated by Eqs. (2) .
E(%) = (h 0 -h x )/h 0 100 (2)
Here h 0 and h x were the largest ESR signal intensity obtained from the highest peak of samples with and without SOS, respectively.
Results and discussion
Optimization of the enzymatic hydrolysis conditions of okara
In order to obtain the best okara enzymatic hydrolysis conditions by using Viscozyme L according to the yield of S0S, an orthogonal design test (L 9 (3) 4 ) was carried out and the results and statistical analysis were shown in Table 2 . The K and R values in Table 2 were calculated following the procedures described by Ling et al. [9] . The R value showed that enzyme dosage had the most significant effect on yield, and the order of importance that influenced yield was found to be as follows: enzyme dosage > pH > temperature. In addition, the K value for pH, temperature and enzyme dosage had the highest value at level 3, level 1 and level 3, respectively. It indicated that the optimal enzymatic hydrolysis conditions were pH 3.5, temperature 45 °C and enzyme dosage 3% (E/S, w/w), and a maximum 10.0% yield was obtained under the optimal conditions. 
Proximate analysis of SOS
Results of proximate analysis of SOS and okara were present in Table 3 . Compared with okara, the protein and fat contents of SOS decreased, while the total neutral sugar content increased. Results indicated that SOS have a higher level of carbohydrate compared to okara, which implied that some insoluble plant cell polysaccharides of okara might be transformed into soluble polysaccharides by treatment with Viscozyme L. The chromatogram from the high-performance gel-permeation chromatography (HPGPC) analysis of SOS was shown in Fig.1. In Fig.1 , it was revealed that SOS has six fractions with significantly difference in molecular weight distribution. The percentage of each fraction was calculated according to the linear regression equation obtained by the standard samples and shown in Table 4 . The result showed that the molecular weight fractions of SOS mostly distributed between 860 and 9380 Da, and reached about 65% of total. Result indicated that SOS obtained after hydrolyzing okara with Viscozyme L were mostly low molecular weight oligosaccharides.
The monosaccharide composition of SOS was tabulated in Table 5 , and the relative concentration of each corresponding identified monosaccharide was evaluated by the internal standard method and also presented in Table 5 . Results demonstrated that major monosaccharides of SOS were galactose, xylose and rhamnose based on the relative content. 
Antioxidant activity of SOS
DPPH is one of the free radicals widely used for testing preliminary radical scavenging activity of a compound or a plant extract, so antioxidant activity of SOS was tested by the inhibition of the stable free radical of DPPH. Electron spin resonance (ESR) spectra of DPPH radical with or without SOS were shown in Fig.2 . The scavenging effect of SOS increased with the increase in their concentrations from 1.18 mg/mL to 9.00 mg/mL as shown in Fig.3 , which implied that SOS was a dose-dependent radical scavenger. According to the regression equation deduced from regression curve shown in Fig.3 Concentration of SOS mg/mL E % Fig.2 . ESR spectra of DPPH with or without SOS. Fig.3 . Regression curve to illustrate the relation The arrow showed the highest peak of ESR spectrum.
between the concentration of SOS and E value on the DPPH scavenging activity.
Conclusion
The enzymatic hydrolysis of okara by treated with Viscozyme L could produce soybean oligosaccharides (S0S) with a maximum yield of 10%. SOS contained 56.5% of total neutral sugar, had a low molecular weight distribution range between 860 and 9380Da, whose content reached about 65% of total. Moreover, the major monosaccharides of SOS were galactose, xylose and rhamnose. SOS was found to be effective on DPPH radical scavenging activity, which implied that SOS could be applied in food industry as a natural antioxidant. However, for application in food as natural antioxidants, the antioxidant activities of SOS for scavenging of other radical species and its application properties in relevant food matrices needs to be studied in the future.
